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Abstract 
Problem 

To offer a gamma correction device, a gamma correction method, and a gamma 
correction data creation method for a color liquid crystal display device such that gamma 
correction is performed using gamma correction data for R, G, B pixels that have different 
luminance characteristics with respect to a liquid crystal panel. 

Means to solve 

Respective R-use, G-use and B-use gamma correction data that are created based on the 
respective luminance characteristics of R-pixels, G-pixels and B-pixels of the liquid crystal panel 
are recorded in respective R-use, G-use, and B-use gamma data memories 25-27, and gamma 
correction is performed by means of a gamma correction circuit 24 with respect to an R-signal, 
G-signal and B-signal that make up a video signal, based on the data stored in gamma data 
memories 25-27. 
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Claims 

1. A gamma correction device for a color liquid crystal display device equipped with: 
recording means (25-27) that record gamma correction data for R, G and B that are created based 
on the respective luminance characteristics of matrix-type R-pixels, G-pixels and B-pixels of a 
liquid crystal panel (10) of a color liquid crystal display device; and a gamma correction means 
(24) that, based on the respective gamma correction data for R, G and B recorded in said 
recording means, respectively corrects the R-signal, G-signal and B-signal that make up a video 
signal to be supplied to the aforementioned R-pixels, G-pixels and B-pixels. 

2. A gamma correction device for a color liquid crystal display device that corrects an 
R-signal, G-signal and B-signal that make up a video signal to be supplied to matrix-type 
R-pixels, G-pixels and B-pixels of a liquid crystal panel (10) of a color liquid crystal display 
device by means of gamma correction data for R, G and B that are created based on respective 
luminance characteristics of the aforementioned R-pixels, G-pixels and B-pixels. 

3. Method for creating gamma correction data for a color liquid crystal display device 
w^herein the respective luminance characteristics of matrix-type R-pixels, G-pixels and B-pixels 
of a hquid crystal panel (10) of a color liquid crystal display device are measured and gamma 
correction data for R, G and B are created based on the aforementioned respective luminance 
characteristics of the R-pixels, G-pixels and B-pixels. 

4. Method for creating gamma correction data for a color liquid crystal display device, 
wherein all of the pixels of a liquid crystal panel (10) of a color liquid crystal display device are 
divided into multiple regions, the respective luminance characteristics of matrix-type R-pixels, 
G-pixels and B-pixels of the aforementioned liquid crystal panel are measured, the respective 
luminance characteristics of the aforementioned R-pixels, G-pixels and B-pixels for each of the 
aforementioned separate regions are averaged to create average luminance characteristics for the 
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aforementioned R-pixels, G-pixels and B-pixels, and gamma correction data for R, G and B is 
created based on these average luminance characteristics. 

Detailed explanation of the invention 
[0001] 

Technical field of the invention 

The present invention pertains to a gamma correction device, gamma correction method, 
and gamma correction data creation method that are applied to a color liquid crystal display 
device. 

[0002] 
Prior art 

With a color liquid crystal display device, the luminance characteristic (applied voltage- 
transmittance characteristic) of its liquid crystal panel typically has a non-linear characteristic 
such as that shown in Figure 12; therefore, using gamma correction data, gamma correction, such 
as that shown in Figure 13, which is axisymmetric with respect to the aforementioned luminance 
characteristic, is performed so that the final video signal assumes a linear characteristic. 

[0003] 

Problems to be solved by the invention 

However, depending on the type of liquid crystal panel, each color filter within the liquid 
crystal panel possesses different characteristics for each pixel, R, G, and B; in addition, within 
the surface of the display of some liquid crystal panels, the luminance characteristic is not 
uniform, but shows variation. 

[0004] 

Accordingly, for a color liquid crystal display device having such a liquid crystal panel, 
there is a problem in that when a gamma correction using only one type of gamma correction 
data is performed, the luminance characteristic for the entire display surface of the liquid crystal 
panel is not uniformized. 

[0005] 

Therefore, to respond to this situation, the objective of the present invention is to offer a 
gamma correction device, gamma correction method, and gamma correction data creation 
method that perform gamma correction for a liquid crystal panel using gamma correction data 
that have different luminance characteristics for R, G and B pixels. 



[0006] 

Means to solve the problems 

With respect to the solution for the aforementioned problem, the gamma correction 
device for a color liquid crystal display device according to the invention recorded in Claim 1 is 
equipped with: recording means (25-27) that record gamma correction data for R, G and B that 
are created based on the respective luminance characteristics of matrix-type R-pixels, G-pixels 
and B-pixels of a liquid crystal panel (10) of a color liquid crystal display device; and a gamma 
correction means (24) that, based on the respective gamma correction data for R, G and B 
recorded in said recording means, respectively corrects the R-signal, G-signal and B-signal that 
make up a video signal to be supplied to the R-pixels, G-pixels and B-pixels. 

[0007] 

Thus gamma correction of the R-signal, G-signal and B-signal that make up a video 
signal to be supplied to the R-pixels, G-pixels and B-pixels is performed based on respective 
gamma correction data for R, G and B. Accordingly, even if there is variation in luminance 
among R-pixels, among G-pixels, and among B-pixels of the liquid crystal panel, the luminance 
of the liquid crystal panel can be reliably made uniform by means of the aforementioned 
respective gamma corrections. 

[0008] 

Moreover, the gamma correction device for a color liquid crystal display device 
according to the invention recorded in Claim 2 corrects the R-signal, G-signal and B-signal that 
make up a video signal to be supplied to the matrix-type R-pixels, G-pixels and B-pixels of a 
liquid crystal panel (10) of a color liquid crystal display device by means of gamma correction 
data for R, G and B that are created based on the respective luminance characteristics of the R- 
pixels, G-pixels and B-pixels. 

[0009] 

Thus even when there is variation in luminance among R-pixels, among G-pixels, and 
among B-pixels of the liquid crystal panel, the luminance of the liquid crystal panel can be 
reliably made uniform by means of the aforementioned respective gamma corrections. 



[0010] 

Moreover, the method for creating gamma correction data for a color liquid crystal 
display device according to the invention recorded in Claim 3 is one wherein the respective 
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luminance characteristics of matrix-type R-pixels, G-pixels and B-pixels of a liquid crystal panel 
(10) of a color liquid crystal display device are measured and gamma correction data for R, G 
and B are created based on the respective luminance characteristics of the R-pixels, G-pixels and 
B-pixels. 

[0011] 

Thus, even if there is variation in luminance among R-pixels, among G-pixels, and 
among B-pixels of the liquid crystal panel, a gamma correction is enabled whereby the 
luminance of the liquid crystal panel can be reliably made uniform by means of the 
aforementioned respective gamma corrections. 

[0012] 

Moreover, the method for creating gamma correction data for a color liquid crystal 
display device according to the invention recorded in Claim 4 is one whereby all of the pixels of 
a liquid crystal panel (10) of a color liquid crystal display device are divided into multiple 
regions, the respective luminance characteristics of the matrix-type R-pixels, G-pixels and B- 
pixels of the liquid crystal panel are measured, the respective luminance characteristics of the R- 
pixels, G-pixels and B-pixels for each of the separate regions are averaged to create average 
luminance characteristics for the R-pixels, G-pixels and B-pixels, and gamma correction data for 
R, G and B are created based on these average luminance characteristics. 

[0013] 

Thus, even if there is variation in luminance between the respective separate regions of 
the liquid crystal panel, a gamma correction whereby the luminance of the liquid crystal panel 
can be reliably made uniform by means of the aforementioned respective gamma corrections is 
easily enabled. 

[0014] 

Note that the numbers within parentheses for each of the aforementioned means indicate 
a corresponding relationship with the actual means recorded in the embodiments to be explained 
hereinafter. 

[0015] 

Embodiments of the invention 

In the following, embodiments of the present invention will be explained with reference 
to the figures. Figure 1 illustrates one embodiment of a color liquid crystal display device to 
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which the present invention is applied. This color liquid crystal display device comprises a liquid 
crystal panel 10 and a display drive circuit 20 that drives the display of this liquid crystal panel 
10. Liquid crystal panel 10 comprises a matrix-type, full-color liquid crystal panel, and this 
liquid crystal panel 10 is constructed by enclosing antiferroelectric liquid crystals between two 
electrode substrates. 

[0016] 

Moreover, one of the two electrode substrates of liquid crystal panel 10 is constructed of 
a glass substrate, multiple rows of scanning electrodes provided on the inner surface of this glass 
substrate, multiple rows of color filters (respectively comprising R, G, B color filter layers) 
provided along each of these scanning electrodes, and an overcoat and an alignment film stacked 
on the inner surface of the glass substrate via each scanning electrode and each color filter. The 
other electrode substrate is constructed of multiple rows of signal electrodes provided such that 
they are positioned perpendicular to the aforementioned multiple rows of scanning electrodes 
and an insulation film and alignment film stacked on the inner surface of the aforementioned 
glass substrate via each of these signal electrodes. 

[0017] 

Moreover, the multiple rows of scanning electrodes and the multiple rows of signal 
electrodes, together with the multiple rows of color filters and the antiferroelectric liquid 
crystals, form multiple matrix-type pixels. Furthermore, each pixel is constructed of an R-pixel, a 
G-pixel, and a B-pixel corresponding to each of the R, G, B color filter layers of each of the 
color filters. Furthermore, the various signal electrodes are formed such that they are classified 
into various signal electrodes (hereinafter, the various signal electrodes for R, G, B) that 
correspond to each of the R, G, B color filter layers. 

[0018] 

Display drive circuit 20 is equipped with a Y/C separation circuit 21 and an R, G, B 
decoder 22 with a synchronization separation function. Y/C separation circuit 21 separately 
extracts a luminance signal (Y-signal) and a color signal (C-signal) from an NTSC format video 
signal (composite video signal), outputting them to R, G, B decoder 22. 

[0019] 

R, G, B decoder 22, to which the aforementioned video signal is input, converts this 
video signal to an R-signal, a G-signal, and a B-signal, outputting them to an 8-bit A-D converter 
23; in addition, it separately extracts a horizontal synchronization signal (HSYNC signal) and a 
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vertical synchronization signal (VSYNC signal) from the Y-signal from Y/C separation circuit 
21, outputting them to an electrode drive circuit 29. In addition, R, G, B decoder 22 that has a 
synchronization separation function also can be constructed by means of an R, G, B decoder 22 
that does not have a synchronization separation function, and a synchronization separation circuit 
that is a separate circuit. 

[0020] 

A-D converter 23 converts the R-signal, G-signal and B-signal from R, G, B decoder 22 
into 8-bit R-digital data, G-digital data, and B-digital data, respectively, outputting them to 
gamma correction circuit 24. The respective R-use, G-use and B-use gamma data memories 25, 
26 and 27 store the 8-bit digital data; R-use gamma data memory 25 stores R-use gamma data Rd 
(see Figure 2(a)) in advance as digital data. The R-use gamma data Rd are read from this gamma 
data memory 25 by gamma correction circuit 24 based on the R-digital data from A-D converter 
23. 

[0021] 

G-use gamma data memory 26 stores G-use gamma data Gd (see Figure 2(b)) in advance 
as digital data, and the G-use gamma data Gd are read from this gamma data memory 26 by 
gamma correction circuit 24 based on the G-digital data from A-D converter 23. Moreover, B- 
use gamma data memory 27 stores B-use gamma data Bd (see Figure 2(c)) in advance as digital 
data, and the B-use gamma data Bd are read from this gamma data memory 27 by gamma 
correction circuit 24 based on the B-digital data from A-D converter 23. 

[0022] 

Here, R-use gamma data Rd, G-use gamma data Gd and B-use gamma data Bd are 
obtained in the following maimer. First, the relationship between the luminance of each R pixel 
and the input signal level, the relationship between the luminance of each G pixel and the input 
signal level, and the relationship between the luminance of each B pixel and the input signal 
level of liquid crystal panel 10 are measured by means of an image scanner. 

[0023] 

Moreover, the aforementioned input signal level is represented with the symbol P, and 
this input signal level P is changed in a stepwise pattern from 0 to 100 (%). Moreover, when 
input level P is at level i, P = Pi, with i being anywhere in the range from 0 to 100. 



[0024] 

Then, when the average luminance of all of the R-pixels (hereinafter, the all-R-pixel 
average luminance) of liquid crystal panel 1 0 is KR(P), this all-R-pixel average luminance 
KR(P) is expressed by following Equation 1 . 

[0025] 
Equation 1 

KR (P) = (Rl + R2 + . . . + Rn)/n 
In this Equation 1, n represents the number of R-pixels in liquid crystal panel 10, and Rl, R2, 
. . Rn represent the luminosities of individual R-pixels. 

[0026] 

Accordingly, the all-R-pixel average luminance KR(Pi) for each input signal level Pi is 
calculated sequentially from i = 0 to i = 100 based on Equation 1. Then, by plotting the 
relationship between each R-pixel average luminance and the input signal level, the relationship 
between all-R-pixel average luminance KR(P) and input signal level P is obtained as the all-R- 
pixel luminance data Rdd shown in Figure 3(a). 

[0027] 

Moreover, when the average luminance of all of the G-pixels (hereinafter, the all-G-pixel 
average luminance) of liquid crystal panel 10 is KG(P), this all-G-pixel average luminance 
KG(P) is expressed by following Equation 2. 

[0028] 
Equation 2 

KG(P) = (Gl + G2 + . . . -f Gn)/n 
In Equation 2, n represents the number of G-pixels in liquid crystal panel 10, and Gl, G2, . . 
Gn represent the luminosities of individual G-pixels. 

[0029] 

Accordingly, the all-G-pixel average luminance KG(Pi) for each input signal level Pi is 
calculated sequentially from i = 0 to i = 100 based on Equation 2. Then, by plotting the 
relationship between each G-pixel average luminance and the input signal level, the relationship 
between all-G-pixel average luminance KG(P) and input signal level P is obtained as the 
all-G-pixel luminance data Gdd shown in Figure 3(b). 
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[0030] 

Moreover, when the average luminance of all of the B-pixels (hereinafter, the 'all-B-pixel 
average luminance) of liquid crystal panel 10 is KB(P), this all-B-pixel average luminance 
KB(P) is expressed by following Equation 3. 

[0031] 
Equation 3 

KB(P) = (Bl+B2 + ... + Bn)/n 
In Equation 3, n represents the number of B-pixels in liquid crystal panel 10, and Bl, B2, . . ., Bn 
represent the luminosities of each B-pixel. 

[0032] 

Accordingly, the all-B-pixel average luminance KB(Pi) for each input signal level Pi is 
calculated sequentially from i = 0 to i = 100 based on Equation 3. Then, by plotting the 
relationship between each B-pixel average luminance and the input signal level, the relationship 
between all-B-pixel average luminance KB(P) and input signal level P is obtained as the all-B- 
pixel luminance data Bdd shown in Figure 3(c). 

[0033] 

Moreover, as shown in Figures 3(a), (b) and (c), the all-R-pixel luminance data Rdd, the 
all-G-pixel luminance data Gdd, and the all-B-pixel luminance data Bdd thus measured, change 
approximately to an S-shape with respect to line L having a slope of 45**. In addition, when said 
all-R-pixel luminance data Rdd, all-G-pixel luminance data Gdd, and all-B-pixel luminance data 
Bdd are drawn collectively with respect to line L as shown in Figure 4, said all-R-pixel 
luminance data Rdd, all-G-pixel luminance data Gdd, and all-B-pixel luminance data Bdd differ 
from one another. This is due, for example, to differences in film thickness between each R, G, B 
color filter layer of liquid crystal panel 10. 

[0034] 

Accordingly, because the gamma correction is a correction whereby the all-R-pixel 
luminance data Rdd, the all-G-pixel luminance data Gdd, and the all-B-pixel luminance data Bdd 
are all aligned with line L, each set of data was obtained as the aforementioned R-use gamma 
data Rd, G-use gamma data Gd, and B-use gamma data Bd, as shown in Figures 2(a), (b) and (c), 
such that each of all-R-pixel luminance data Rdd, all-G-pixel luminance data Gdd, and all-B- 
pixel luminance data Bdd are axisymmetric with line L as the reference. Moreover, when these 
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R-use gamma data Rd, G-use gamma data Gd, and B-use gamma data Bd are shown together 
with line L as the reference, the result is shown in Figure 4. 

[0035] 

Gamma correction circuit 24 reads the R-use gamma data Rd from gamma data memory 
25 based on the R-digital data from A-D digital converter 23, performs gamma correction for the 
R-digital data based on this gamma data Rd, and outputs the result to D-A converter 28 as 
gamma correction data LR corresponding to line L. Moreover, gamma correction circuit 24 reads 
the G-use gamma data Gd from gamma data memory 26 based on the G-digital data from A-D 
digital converter 23, performs gamma correction for the G-digital data based on this gamma data 
Gd, and outputs the result to D-A converter 28 as gamma correction data LG corresponding to 
line L. Furthermore, gamma correction circuit 24 reads the B-use gamma data Bd from gamma 
data memory 27 based on the B-digital data from A-D digital converter 23, performs gamma 
correction for the B-digital data based on this gamma data Bd, and outputs the result to D-A 
converter 28 as gamma correction data LB corresponding to line L. 

[0036] 

8-bit D-A converter 28 converts the respective gamma correction data LA [sic; LR], LG, 
LB from gamma correction circuit 24 into an analog correction R-signal, analog correction 
G-signal, and analog correction B-signal (hereinafter called RA correction signal, GA correction 
signal and BA correction signal, respectively), and then outputs them to electrode drive circuit 
29. 

[0037] 

Said electrode drive circuit 29 receives a horizontal synchronization signal and a vertical 
synchronization signal from R, G, B decoder 22, scans the multiple rows of scanning electrodes 
of liquid crystal panel 10 sequentially, applies a scanning voltage to these scanning electrodes 
that are scanned, and by applying the RA correction signal, GA correction signal and BA 
correction signal from D-A converter 28 as the signal voltage to the multiple rows of signal 
electrodes (that is, each R, G, and B signal electrode of each of the multiple rows) in 
synchronization with said scan, liquid crystal panel 10 is led to produce a matrix-drive display. 



[0038] 

For this first embodiment thus constructed, R, G, B decoder 22 converts the video signal 
to an R-signal, a G-signal, and a B-signal, and outputs them to A-D converter 23; in addition. 
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based on the Y-signal from Y/C separation circuit 2 1 it inputs a horizontal synchronization signal 
and a vertical synchronization signal to electrode drive circuit 29. 

[0039] 

Then, said R-signal, G-signal and B-signal are converted to R-digital data, G-digital data 
and B-digital data by A-D converter 23 and input to gamma correction circuit 24. 

[0040] 

Gamma correction circuit 24 then reads out the R-use gamma data Rd from gamma data 
memory 25 based on the R-digital data from A-D converter 23, performs gamma correction on 
the R-digital data based on the gamma data Rd, and outputs the result to D-A converter 28 as 
gamma correction data LR. Moreover, gamma correction circuit 24 reads out the G-use gamma 
data Gd from gamma data memory 26 based on the G-digital data from A-D converter 23, 
performs gamma correction on the G-digital data based on the gamma data Gd, and outputs the 
result to D-A converter 28 as gamma correction data LG. and then reads out the B-use gamma 
data Bd from gamma data memory 27 based on the B-digital data from A-D converter 23, 
performs gamma correction on the B-digital data based on the gamma data Bd, and outputs the 
result to D-A converter 28 as gamma correction data LB. 

[0041] 

Then, the respective gamma correction data LR, LG and LB are converted to an RA 
correction signal, a GA correction signal, and a BA correction signal by D-A converter 28, and 
are input to electrode drive circuit 29. 

[0042] 

Then, based on the horizontal synchronization signal and the vertical synchronization 
signal from R, G, B decoder 22, electrode drive circuit 29 scans the multiple rows of scanning 
electrodes of liquid crystal panel 10 sequentially, applies a scanning voltage to these scanning 
electrodes that are scanned, and by applying the RA correction signal, GA correction signal and 
BA correction signal from D-A converter 28 as the R-use, B-use and G-use signal voltage to the 
multiple rows of signal electrodes in synchronization with said scan, liquid crystal panel 10 is led 
to produce a matrix-drive display. 

[0043] 

As explained above, this first embodiment is devised such that the all-R-pixel luminance 
data Rdd, all-G-pixel luminance data Gdd, or all-B-pixel luminance data Bdd obtained for each 
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R-pixel, each G-pixel, or each B-pixel, rather than for each group of pixels R, B, G of the liquid 
crystal panel, are formed as R-use gamma data Rd, G-use gamma data Gd, or B-use gamma data 
Gd that are axisymmetric with respect to line L that is the reference. 

[0044] 

Therefore, R-digital data, G-digital data and B-digital data corresponding to the video 
signal are gamma corrected using the aforementioned R-use gamma data Rd, G-use gamma data 
Gd, or B-use gamma data Gd. Accordingly, said gamma correction is optimized even if the 
thicknesses of each R, G, B color filter layer of liquid crystal panel 10 are different. 
Consequently, the luminance of the image displayed on liquid crystal panel 10 is made uniform 
across the entire display surface of said liquid crystal panel 10. 

Second embodiment 

Next, a second embodiment of the present invention will be explained with reference to 
Figures 5-7. With this second embodiment, instead of the R-use gamma data Rd, R-use average 
gamma data Rdave (see Figure 7) are recorded in advance in R-use gamma data memory 25 that 
was explained in the aforementioned first embodiment. Moreover, instead of the G-use gamma 
data Gd, G-use average gamma data Gdave are recorded in advance in G-use gamma data 
memory 26 that was explained in the aforementioned first embodiment, and instead of the B-use 
gamma data Bd, B-use average gamma data Bdave are recorded in advance in B-use gamma data 
memory 27 that was explained in the aforementioned first embodiment. 

[0045] 

The respective average gamma data Rdave, Gdave and Bdave are obtained in the 
following manner. First, for each R-pixel, G-pixel, or B-pixel, all of the pixels of liquid crystal 
panel 10 are divided into the four regions ®-® as shown in Figure 5. For the sake of 
convenience, in Figure 5, each of the square portions formed by the multiple vertical and 
horizontal lines corresponds to a pixel (R-pixel, G-pixel or B-pixel). 

[0046] 

Then, if the average luminance of the R-pixels of region ® (hereinafter, region ® R-pixel 
average luminance) is KRl(P) and the denominator n on the right side of Equation 1 is replaced 
by 4/n, then region ® R-pixel average luminance KRl(P) is calculated for each input signal level 
Pi based on Equation 1 , with the numerator, which is the sum of the R-pixel luminances, being 
the sum of the luminances of all of the R-pixels of region ®. By plotting the relationship 
between the result of this calculation and the input signal level p, the relationship between the 
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region Q R-pixel average luminance KRl(P) and the input signal level is obtained as the region 
® R-pixel average luminance data Rlddave in Figure 6. 

[0047] 

Moreover, if the average luminance of the R-pixels of region © (hereinafter, region ® 
R-pixel average luminance) is KR2(P) and the denominator n on the right side of Equation 1 is 
replaced by 4/n, then the region (D R-pixel average luminance KR2(P) is calculated for each 
input signal level Pi based on Equation 1 , with the numerator, which is the sum of the R-pixel 
luminances, being the sum of the luminances of all of the R-pixels of region (D. By plotting the 
relationship between the result of this calculation and the input signal level, the relationship 
between the region ® R-pixel average luminance KR2(P) and the input signal level p is obtained 
as the region ® R-pixel average luminance data RZddave in Figure 6. 

[0048] 

Moreover, if the average luminance of the R-pixels of region (D (hereinafter, region (D R- 
pixel average luminance) is KR3(P) and the denominator n on the right side of Equation 1 is 
replaced by 4/n, then the region (D R-pixel average luminance KR3(P) is calculated for each 
input signal level Pi based on Equation 1 with the numerator, which is the sum of the R-pixel 
luminances, being the sum of the luminances of all of the R-pixels of region (D. By plotting the 
relationship between the result of this calculation and the input signal level, the relationship 
between the region (D R-pixel average luminance KR3(P) and the input signal level p is obtained 
as the region ® R-pixel average luminance data RSddave in Figure 6. 

[0049] 

Moreover, if the average luminance of the R-pixels of region ® (hereinafter, region ® 
R-pixel average luminance) is KR4(P) and the denominator n on the right side of Equation 1 is 
replaced by 4/n, then the region ® R-pixel average luminance KR4(P) is calculated for each 
input signal level Pi based on Equation 1 with the numerator, which is the sum of the R-pixel 
luminances, being the sum of the luminances of all of the R-pixels of region ®. By plotting the 
relationship between the result of this calculation and the input signal level, the relationship 
between the region ® R-pixel average luminance KR4(P) and the input signal level p is obtained 
as the region ® R-pixel average luminance data R4ddave in Figure 6. 



[0050] 

Next, for each input signal level Pi, the arithmetic average values of the region ® R-pixel 
average luminance KRl(Pi) through the region ® R-pixel average luminance KR4(Pi), obtained 
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with the region ® R-pixel average luminance data Rlddave through the region ® R-pixel 
average luminance data R4ddave, are calculated, and by plotting the relationship between these 
arithmetic average values and the input signal level p, the R-use average gamma data Rddave 
shown in Figure 7 is obtained. 

[0051] 

Then, the data for which this R-use average gamma data Rddave is axisymmetric with 
respect to line L as the reference are obtained as the aforementioned R-use average gamma data 
Rdave. 

[0052] 

Using Equation 2 or Equation 3 in the same manner, the G-use average gamma data 
Gdave or the B-use average gamma data Bdave are obtained. The remainder of the structure of 
the present embodiment is identical to the aforementioned first embodiment. 

[0053] 

For this second embodiment thus constructed, even if there is variation in the luminance 
of the pixels per R-pixel, G-pixel, or B-pixel between regions ® through ® due to variation in 
the gap between the electrodes of liquid crystal panel 10, for example, as in the above, the 
respective average gamma data for R-use, G-use and B-use are obtained from the average value 
of the luminance obtained for each region ®-® and for each R-pixel, G-pixel and B-pixel, and 
are recorded in the respective gamma data memories 25, 26, 27; and, based on said recorded 
data, the R-digital data, G-digital data and B-digital data from A-D converter 23 are corrected by 
gamma correction circuit 24 and output to electrode drive circuit 29. 

[0054] 

Accordingly, the gamma correction is optimized even if there is variation in the 
luminance of the pixels per R-pixel, G-pixel, or B-pixel among regions ® through ® due to 
variation in the gap between the electrodes of liquid crystal panel 10, for example. Consequently, 
the luminance of the image displayed on liquid crystal panel 10 is made uniform across the entire 
display surface of said liquid crystal panel 10. 

Third embodiment 

Next, a third embodiment of the present invention will be explained with reference to 
Figures 8-11. With this third embodiment, a method for testing the luminance of the color liquid 



16 



crystal device explained in the first embodiment, and a data correction method for gamma data 
memories 25, 26, 27 are proposed. 

[0055] 

In the following, one example whereby the aforementioned luminance testing is 
performed and whereby the data correction and the like are performed when the luminance is 
found to be defective will be explained. It has been found through experimentation that in the 
manufacture of color liquid crystal display devices, the luminance characteristic of the liquid 
crystal display panel 10 for each color liquid crystal display device in one lot is virtually the 
same, so this fact is used. For example, R-use, G-use and B-use gamma reference data are 
prepared in advance as data stored in the respective gamma memories 25-27, and said respective 
data are written into the respective gamma memories 25-27 of one color liquid crystal display 
device in one lot. 

[0056] 

Subsequently, said color hquid crystal display device is activated and a visual check is 
made to ascertain whether there is variation in the luminance of a liquid crystal panel. If the 
resulting judgment is that it is good, the same reference data are written into the gamma 
memories 25-27 of the remaining color liquid crystal display devices of that one lot. 

[0057] 

On the other hand, if the resulting judgment is that it is defective, the luminance of liquid 
crystal panel 10 of said defective color liquid crystal display device is measured in the following 
manner based on a structure such as that shown in Figure 8, wherein the signal electrode drive 
circuit and the scanning electrode drive circuit shown in Figure 8 correspond to electrode drive 
circuit 29 of said defective color liquid crystal display device. 

[0058] 

First, a one-dimensional image scanner S is arranged on the display surface of liquid 
crystal panel 10 such that it is parallel in the longitudinal direction to the signal electrodes and 
movable in the longitudinal direction (the vertical direction in embodiment [sic; Figure] 8) of the 
scanning electrodes. Then, a stepwise format test signal (see Figure 9) for R-pixel use that is 
generated by the test signal generation circuit in Figure 8 is input sequentially to each signal 
electrode of liquid crystal panel 10. In addition, a vertical synchronization signal and a horizontal 
synchronization signal from the aforementioned test signal generation circuit are input to the 
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scanning electrode drive circuit and the signal electrode drive circuit; thus liquid crystal panel 10 
is matrix-driven. 

[0059] 

Then, in Measurement Step SI of Figure 10, as its level is changed in a stepv^ise format, 
the test signal is input to each signal electrode from the topmost signal electrode to the 
bottommost signal electrode of liquid crystal panel 10, and the luminance of each R-pixel 
corresponding to a signal electrode is measured w^ith image scanner S. Next, in Measurement 
Step S2 (see Figure 10), the measured luminance for each R-pixel is converted to digital by the 
A-D converter (see Figure 8) and is recorded in an R-use measured luminance memory (see 
Figure 8). The relationship between the R-pixel luminance stored in said R-use measured 
luminance memory and the input signal level is show^n in Figure 1 1(a). In Figure 1 1(a), the 
numbers 1, 2, ... n indicate numbers of the R-pixels. 

[0060] 

Next, in Measurement Step S3, by means of a data processing circuit (see Figure 8), the 
average value of the luminance for n R-pixels is obtained for each level of the input signal, and 
the R-use average gamma data, which represent the relationship between the input signal level 
and the average luminance for all of the R-pixels, are obtained (see Figure 1 1(b)). Then, in 
Measurement Step S4, using the aforementioned data processing circuit and based on the 
aforementioned R-use average gamma data, R-use gamma correction data axisymmetric with 
respect to line L are obtained, and are stored in the R-use gamma data memory (see Figure 8) in 
Measurement Step S5. Thus the data stored in the R-use gamma data memory are transmitted by 
means of the gamma data writing circuit (see Figure 8) to R-use gamma data memory 25 of the 
aforementioned defective color liquid crystal display device, overwriting the previous data. 

[0061] 

In the same manner, a test signal from the aforementioned test signal generation circuit is 
input sequentially for G-pixel use or for B-pixel use to each signal electrode of liquid crystal 
panel 10, and as the level of the test signal is changed in a stepwise format, the luminance of 
each G-pixel or the luminance of each B-pixel corresponding to the signal electrode is measured 
with image scanner S for each signal electrode. 

[0062] 

Next, each G-pixel luminance or each B-pixel luminance thus measured is converted to 
digital by the aforementioned A-D converter (see Figure 8) and recorded in a G-use measured 



18 



luminance memory or a B-use measured luminance memory (see Figure 8). Then, the average 
value of the luminance for n G-pixels or the average value of the luminance for n B-pixels is 
obtained for each level of the input signal by means of the aforementioned data processing 
circuit, and the G-use average gamma data or the B-use average gamma data, which respectively 
represent the relationship between the input signal level and the average luminance for all of the 
G-pixels or the average luminance for all of the B-pixels, are obtained. 

[0063] 

Then, using the aforementioned data processing circuit and based on the aforementioned 
G-use average gamma data or B-use average gamma data, G-use gamma correction data or B-use 
gamma correction data axisymmetric with respect to line L are obtained, and are stored in the 
G-use gamma data memory or the B-use gamma data memory (see Figure 8). Thus the data 
stored in the G-use gamma data memory or the data stored in the B-use gamma data memory are 
transmitted by means of the gamma data writing circuit to G-use gamma data memory 26 or 
B-use gamma data memory 27 of the aforementioned defective color Hquid crystal display 
device, overwriting the previous data. 

[0064] 

Thus, by overwriting the data recorded in each gamma data memory 25-27 of the 
aforementioned defective color liquid crystal display device, the defective luminance is 
corrected. By writing the aforementioned R-use, G-use and B-use gamma correction data to the 
respective gamma data memories 25-27 of the remaining color liquid crystal display devices in 
the aforementioned one lot, it is possible to manufacture color liquid crystal display devices that 
have liquid crystal panels 10 with outstanding luminance. 

[0065] 

Note that, for the present invention, the liquid crystal of the liquid crystal display is not 
limited to an antiferroelectric crystal; it can be various types of crystals, such as a ferroelectric or 
the like smectic liquid crystal. 

[0066] 

Moreover, with respect to application of the present invention, the respective gamma data 
memories 25, 26 and 27 can be a single memory. 
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Brief description of the figures 

Figure 1 is a block diagram illustrating one embodiment of a color liquid crystal display 
device according to the present invention. 

Figures 2(a), (b) and (c) are graphs showing the relationship between the input signal 
level and the correction luminance for all R-pixels, the correction luminance for all G-pixels, and 
the correction luminance for all B-pixels, respectively. 

Figures 3(a), (b) and (c) are graphs showing the relationship between the input signal 
level and the average luminance for all R-pixels, the average luminance for all G-pixels, and the 
average luminance for all B-pixels, respectively. 

Figure 4 is a graph showing the relationship of each all-pixel average luminance and each 
gamma correction luminance in Figure 3 with respect to the relationship between the luminance 
and the input level. 

Figure 5 illustrates the liquid crystal panel display screen of a second embodiment of the 
present invention. 

Figure 6 is a graph illustrating the relationship between the input signal level and the 
R-pixel average luminance for regions ®-® in the aforementioned second embodiment. 

Figure 7 is a graph illustrating the relationship between the input signal level and the 
R-pixel average luminance for the aforementioned second embodiment. 

Figure 8 is a diagram of a circuit for luminance correction of a color liquid crystal display 
device according to a third embodiment of the present invention. 

Figure 9 is a timing chart showing the level of the test signal illustrated in Figure 8. 

Figure 1 0 is a diagram of the measurement process for the aforementioned third 
embodiment. 

Figures 1 1(a), (b) and (c) are graphs showing the relationship between the input signal 
level and the R-pixel luminance, R-pixel average luminance and the R-pixel average luminance 
and correction luminance, respectively. 

Figure 12 is a graph illustrating the relationship between the input signal level and the 
luminance for the liquid crystal panel of a conventional color liquid crystal display device. 

Figure 13 is a graph illustrating the relationship between the input signal level and the 
correction luminance for the liquid crystal panel of a conventional color liquid crystal display 
device. 
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[0 0 24] ^ur, m¥B^-<^>^io(D±RmM<Dm& 

©¥i^»S (WT, ±Riii^¥J^igSit,^^) ^KR 
(P) i-rSi, C©^Ril3g^J^»SKR (P) «, 

;X©lftl©^(Cj:0^3n^. 
[0025] 
[8!il ] 

KR (P) = (R1+R2+ - • •+Rn)/n 
c©^i©^cctei,^r, nB^gB^''^■*JH 0©R®i^© 
li?:«-r. Sfc, Rl, R2, • • •, RnB. -en-e 
50 n, #Riii^©»g*«-r. 
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RHi^¥fe)»eKR (Pi) ^WlI ©iCfca-cJt i = 0 

^-f) i = 1 0 0 ix-m^-xw-int^o -e lt . cnesR 

Cit?. :^RH^¥l^i5ISKR (P) tXtHsm-^ii' 
Pt<Dm%^m3 (a) {CTiFTJ;^{c^R@i«iS¥Sr 

[0 02 7 ] S/c. ?gH^>'^•4^;^ 1 0(D:^Gli^©iWg© 

(P) i-rSi. C©^Ga«^i^iS»SKG (P) 10 

[0 02 8] 

KG(P) = (G1+G2+ - • - +6:1) /n 
c©ii[2©^cctet^-r. nW^S^>'^•^^;n o©Gil^© 

sfc. Gi. G2. • • •. Gn«. -en-e 
n. SGiii«©)ss?:a-r. 

[0 02 9 ] -ec-C. #A;^fi#K^l'P i fcWr.5± 
Gia^¥i^»SKG (Pi) ^^2©^:ccS-:5^ i = 0 

^^hi = \ootx-m-xntiit^o "iLz, cn^^G 20 

ia«¥J^iiWS?rA;^fi-^U'<^i'i©M«^-C7-n-;' h-rs 
cir. ^GHs^^i^iiliSKG (P) tX:f]mm-^]i 

[0 03 0] ttc. 1 o0±Bmm<Dm^(D 

(P) i-r^i. CC^BiSSR^i^SiaKB (P) (i. 
;>:©^3©S(Cj;i3«Sn5<. 
[0031] 

[1^3] 30 
KB (P) = (BH-B2+ - • ■+Bn) /n 
C©^3©^{Ctet,ir, nitm^^^^)Vl 0(DBmf^(D 
Wi^m-. ttc. Bl. B2. • • •. BnB, ^ti^ 

n. SBia^o»s?r«-r, 

[ 0 0 3 2 ] ^CT-. ^Xtlm^\y^)VP i tC^tt^S^ 
BS^^iSjiWSKB (Pi) €:l^3©^(cS-:5# i = 0 

A>6 i = 1 oosr«xstffi-r-So -eL/T, cne-^B 

HS^¥J^»g^A;'3©-^U-<;l'i©M^t'7"ci2» h-r-S 
CtV. i^BmmW-i^n&KB (P) iA;^fi-^U'<Jl' 
Pi©M«^*s^3 (c) tc-C7F-rck^tc^Biffl^«ltf' 40 

-^'Bd diurffen^s. 

[0 0 3 3 ] C©J:^{Cbr«iJSLfc^Ril«iW 
Sf'-^Rdd. ^Gl]|g»g7'-f GddSO'^BB 
^»ar-$BddB. S3 (a) . (b)RO*(c) 
CCTTj^f Jr-^CC. 43ie;!)S4 5' OWMLicML. BgS^ 

t^tc^fbbrc^-So ^gE^RiS^iWKT^-^Rd 

d, ±Gmmm&r'-iiGddRzjf±BmmnmT-'^ 

Slgr-3?Rdd. ^Giii^^gT"" i^G d d&a'^B 
ii*»gr-:S'Bd d«. 04Kr^-r<fc5tc. tBSCC 50 
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G, Bo^ijy-y ^ )i^m<Dm(Dmm(Dmi&mcmm 

[00 34] -g-Cr. :*f>vffiiE«. :^RiS«!»Sf^- 
^?Rdd. :^GilKiWS7'-4fGddSi>'^BiamiSg 
r-i? B d d^*tcili^L{c-fc3-eSJ: -^tcffliE-rS 
4>©-C*.2,Ci*^6, Ctih±Rmmn&f-i>Rd 
d. ^GljS»ax-5?GddRaf:^Bia^»S-r-i' 
Bd d;05jti^L*SrifCi^»f*i^fS§r-f ^±aiL 
fcRffl:*f>-77'-5?Rd. Gffl:tf>-77'-^GdRO'B 
ffi*'>vr-^?Bd 4 trS2 (a) . ( b ) SO' 

(c) ior^esb/co Jfete. c*a6Rffi*">-7f'-d/R 
d. Gffl^/>-7f'-^?GdRi:>'Bffl:«/>-77=-i?Bd* 

[0 03 5 ] ;</>-7fflI[51SS2 4fa. A-D^^g2 3 
*^60R7'i^$;U-r-4'tca-:J^**>-7'r-3?y-t'j 2 
5Ai6Rffl*'>vr-3?Rd?rK«i^fflL/. C©:^;>vr 

- 5? R d R ^bf"- 4 -^JiiE L/T a 
i^L Ccjifte-r ^ **> vffliEr- ^»LRiLrD-A^g^ 
S2 8{cUi;^1-6o *;rc. ;y>vffliE|p]8g2 4«. A- 
D^mS2 3i}^h<DG7'V>^)l7'--i>icm-r}^iJ>-77' 

2 6*^f)Gffl*'>vr-5fGd^^^aiL. 
C © -7 -f - G d K:»-:J|f G T^i? 3? JUf'- ^? > 

'?mjEbrmmLicm'ti^'y-?miE'f-^LGt l 

rD-A^^S2 8(cffi;>3TS. **>v?iE[iSg 
2 4», A-D^II2 33!>i6©B7=ix^?;Ux-3?CC» 
-2^***>V7^-^^y*'; 2 7;5i6Bffl*'>-v-r-5?Bd 
^Sci!;^tlit, C©*'>-7r-5?BdCc»-^tBry5?;l' 
f'- 5? % :(7 >-7^iiE 1^ r iti^ L iC^tt&r >-7*iiE7" 

- 5? L B i D - AS^g|2 8 (i:ffl;'3-r 

[003 6 ] 8 t'';; h©D-A^^g2 8«. ti>-?m 
iElllK2 4^60#:y>vfflIEf^-3fLA, LG. LB 
?r-en^nffliER<i^. ffliEGM-^Ril>1iiEB<i^ (t( 
T. ^n-en, RAfflEM^. GAMiEis^RO'BAffl 
SC7:^Ciy^^brSSIgifl[5I8g2 9lC 

[00 3 7] C©Sffi|giailiI8g2 9«. R> G. Bf^^ 

X. i 0©ffll!(^©S$SS5ri^»X*«L 

X. C©*S3tl5^S^»C^SmE?:EI]toO. 
*^{C|H|« D - A^g2 8 3!)^6©R AfflEfi^. 

G AffliEfi-^Ro-B ^m^sLm^^mm!i^t i^xm.^ 
om^mm ^mL^<oRm. Gm. Bm<Dm 

[00 38 ] C©J:'5K:^fiSL.fc*l? 1 UteSSgKtet,^ 
r. R, G, B 7^3 '-^i' 2 2*5. 5^i#m-^^RM^, G 

fi-^. BiMm,cm^bXA-n^tk^2 3ic\iiti-ri>t 

<b^>K. Y/C^>il[iISg2 lA^e)©Yft#Ka-5gr*^ 
|5]»ifi-^S^'SiSllJWft^^m@»[5Ii{S2 9 tcA^-r 
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[0 03 9] -r^i. ^i^Rfi^. Gfi-^. Bff-^{SA 
- ^? SO' B 5? - 3? iC^^ 3 n r > ■v'JiElil 
[0 04 0] C tllC fft,\ :^/>-7flfE|5ISS2 4«. A- 

2 5*^6Rffl*'>V7'-i'Rd?:Sii?>aL. 
C©*'>v-r- i^R d JcS-r5* Rr>'i?;bf^-$?::t7> 
•7ffliEL^'>v^ijE■r'-^»LR(!:L•rD-A^^^2 8 
^mtiti>, ttc. *'>vffliEIiIiS2 4«. A-D^^ 
S2 3*^6(DG7'i^:S'Jb-r-^?tc»-:Jt;y>V7=-i?y 
•t';2 6;!i^6Gffl**>-77'-^?Gd?rg!;«f6HL. CO*' 
> VT^- G d k:S-:J# G f'v^ ;l'7=- ^ :^*> vtiiE 
L/ ^> vfflEf'- L G i L-T D - A^^S 2 8 Km:*? 

A-D^^S2 33!p6CDBx>'^?;l'T'-i?{C 
a-:5#*'>vr-ify^r'; 2 7 ;5>6Bffl;?7>-7-r-3? B 

;l'f'-5f?r*'>-7ffiiEL.-r*'>-7?iEr-d' L B i tr 
D-A^ftS2 8tctH;^-rS. 
[0 04 1 ] -r^i. ^^'^vffliEf'-^'LR, LG. 

«-^so'B AffliEft-^jc^^s ti-cmw^m^ 2 9 tc 

[0 04 2 ] -r-Si^ ^|gS(l[pI?g2 9«. R. G. B 
2;5:>6©*¥l§I*lfi-^Si7Sl:i5W<i^(c« 

S*a(C|lI»iCrD- A^»S2 8*^6©RAfflEfi 
GA?iiEfi-^Ri>'BAffiEfi^^(i^€E<bt^r^ 

aife*©Rffl. Gffl. Bffl©s{f-^m®cEnsDt-^ci 

[0043] ccr. :$mimMJ^mr-a. i^oci 
<, ^ga''^•^;^©R, G, B©ll^©ifflff-C(3:J5:< . R 
iffl^, GilSggciHiBiii^ftcciSfe/c^Riii^Saf'- 

Sf^-fBdd?:, ili^L*ai«tCi^*tf/'5<i:J?i:^Rffl*' 
>v-f-:J?Rd. Gffl:^;>v-f":5!Gd^l^(3:Bffl*'> 
vr- if B d i T S J: -5 (Ci5: $ ♦i-C .5. 
[0 044] C©fc*, ±iBRffl;y>vf^-i(Rd. G 
ffl > V r - ^ G d t, > B B ffl > V - 4? B d ^ ffl I i 
■Cij^fi-^JcSPtlD-r ^ R f'i^ $ JUf'- 5? , G 4^ Jl/f' 
-HRZ/BTi^iDlT'-'^^ilyrmiEtiCtttj: 
fi^^-C, ^^:^f>vJiiE*5. «B^>'^•^;H 0©R, 
G, B©^*7-7 y JbiJUOjlS^ifflSJCMife-ori^ 

iii^©iWSi!>^^i^^gB^^^■^;H OC^^ffl^^^ccMOi^ 
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«, ±iBI? llim?l«C-cai-</cRffl*'>vf^-5!^-t 
';2 5CC«.Rffl:</>V7=-3?Rd{CRAr,Rffl^l^^ 
^VT'-^Rdave (07#M) *5^i?)iam3*Tri^ 

•s<,iEfc,±ia^ 1 ii)!ifijfj.^g«crai-</cGffl;y>-7f'- ^ 

^ -t 'J 2 6 (a* > Gffl **> -7 r- $ G d {Cft A r , Gffl^ 
J*l;^7>-7-r-$Gd a ve*i^^fciatg3n>±faill|| 
ti5ffJ®{C-ca'^/cBffl*f>V7'-5?>*'; 2 7tC«.B 
ffl;^'>vr-$ B d Kft^r, Bffl¥J^*'>-7f^- B 
d a V e*5^Ji!)iatli3<iri<i5c 
10 [0 04 5 ] cn6S¥i^*?>-7f'-i'Rd a V e.G 
d a V eSD^'B d a v e (*^>C©J; ^Cc l/r^ed^nrti 
^o*r>?gfB''^"4^;l' 1 0©^ilfg%,Rli^.Giii^^t^ 

A^mt^.tiisM 5 ■rii.flfi±,aig[©as^fitm^ 

-C?fM3*aSSHftJf5g|5^*3^n^*ili^ (RillR.G 
il«^l.^t*BiIj^) Kti^T-54j©i-r.5.„ 

[0046]^ bxMm<DYimm(oms.(D^i^m^ 

(jaT>®«I«Rlii«¥J^*fS<!:l,^'5) *KR1 (P) 
i-r-Si,^ 1 ©S;©Sj2Ccfct^-C^JSn *4/n i*J 
20 *,:»^©RB«©)»S©fO«(D«^©^Rffi*©iSfS 
©ffliL/r|S[UC«-:J^,®^^RB«^i^»RKR 1 
(P) ^#A:^ff^U'<;i'P i i^nLxmmt^oCO 

•c. mMKmm^imm.KK \ (p) 4A;'7fi^u-< 

t©H(^*5^6 CC-CCPMJiRiiSR^i^iWSr-i'R 
1 d d a V e i L/Ttf 

[0047] S/c.®M^©RiiijR©iSfg©^i^»g 
(t^T,®«S^RH»¥J^Jilfail,^'5) ^KR2 (P) 

<t-r.5i,t![l ©3e©;62Cctel^r»Sn%4/n ite 
30 ^,^^-©Rli^©ilf®©fnB®^i^©:^Rlj^©iSfa 

©ffli LXWi 1 tC»-5^,0«I^Ril^^i^iagK R 2 
(P) ^^}<):m^\y^)\^¥ i tCj^LTmttJTSoC© 

mWigll?rA;^fi#U'<;i'i©M<l-r-7-n vvr^ct 

V. ommRmmw-ii}mfS.KR2 (p) iA;'3fi-^u-< 

2ddaveiL/rff6n-2>o 
[0048] * /c.®^^©RilS©»g©¥l^»g 
(WT,®«I^Rii«¥l^»Stt^'5) *KR3 (P) 
<!:-r^i.|^l©S;©€ffltCtel^T:9'Sn%4/n ife 

40 ^.'}^^<DRmmoum<Dmi>t<3>mm(D±Rmm<Dn& 

<Dmt UrSSt 1 icS-:J^ ,®^)iRB*5pi>i»aK R 3 

(P) ?:^A;'3fi-^u--iJi'P i tc^turmtij-rSoC© 
»tHte^?rA;'3ft-^U^Jl'i©B9<^r7-n €.C i 
f. ®M^RB^^J^»SKR3 (P) tK1^m^V-< 

)vp t<DmmmQi<cx(s>m,Rmm^i^n&'f-^R 

3 d da V e<tL/-Cff en-So 
[0049] $fc,®MJ^©Riii*©»S©¥J^iWg 
(WT,®^lSRia*¥J&»aiC^^) ?:KR4 (P) 

t-r-2.4,?Kl©^©fiiatctelir^Sn^4/'n ife 
50 t,:»^©Ril^©i!|g©ffl«®SSii©ifeRil^©ag 
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(p) i^xtjm^u-oi'P i tcstorsctb-rSoC© 

■c. @mmRmm¥ii3m&KR4 (p) iAs/jm^b'^ 
;i'P t<Dmmm 6 ic-r®ts^Rii^^^iSiS7=-4? R 

4dda ve<tLrff?>n.2>, 
[0 05 0] -XiC.At)tm\y^)lP i ft{C®fI^Rli 
^^l^^gf'- R 1 d d a V e 7!)M®^^RiiS¥J^ 
iWef'-i?R4ddave*it-5 (D^^R H^^l^iSie 

KR 1 (Pi) n^®mmRmmw-ii}n&KR4 (p lo 

■rRffl¥i^*'>-7r-^?R d d a V e ^^J?)-5o 
[005 1 ] ^L/t:.CORffl¥J^*'>-7f'-i?Rdd 
a V eifiS.^L^mm<iCmMmtfJ:iT- fiAiURm 
^fe);^;>v-r-^?Rd a vet LT^id-So 
[ 0 0 5 2 ] 8!! 2 (D^mnt^ 3 O^^rfflt^slnl^tC L 
rGffl^K|*'>-rr-ifGd a V e^tHiBffl¥i^;^f> 
vr-$ B d a V e €:^&^o*CDflfe(D«(S«±iB® 1 
W6ffJ.^iPI1S-C*^, 20 
[0053]C©J:^ icmiS. L /c*» 2 HMJ.^Ti*. 

Beg, Giam, BSRstc* 4> ,±ai©j; 5 cccD^iii 

7^M®^J|(©^«StC7)^oRii*,GiiiiR, Bm^SK:* 

*/ci»g©¥i^ffl7!)^6Rffl,Gffl, Bmo^w-miJy-^r 

-^^imx^iily7'f-^J^^')1 5,2 6,2 7(C^ 
es?)iSttL,cn6iets7^-$tc»-:JfrA-D^S2 3 

6 OR ^bf- , G 5? ^I'f'- 5? , B T^i^ if ;U 
x-i»?r;y>-7fflIE[5ISS2 4CCcfc'3ffiIEtrmffiiai)|51 30 

[0 054] ^^^•^r,^s^'^•^JH o©pm@ra©+> 

7"oae>ogt^ic J: 0®^Ji7!;5®^Ji©r^©iii*© 
iSf g©« e ^ , R H*, GH^ , B il^StC o T , 
*'>vffiiEA5giitC?iSn,-e©«Sm, «^^^•4^;H 0 
©^^iiim©»g*5^i^iSH^>'^•4^;H 0®a^ffi^{c 

(Il3||ilffj,18) ';j«:,*^W©ll3*MJ,^>S:ll8 7b 
^^1 l^S-:J#|jiM-rSoC©^3^JS0.®r-«,±IB 

n 1 ^ffjmra-tfc* ^ -m^^n^m-aMwrn. 40 

*ftSi>':y>v-r^-5?yt';2 5,2 6,2 7©7'-^?ffl 

[0 05 5] ±iS»at^R!>'^©i|g:^8)S^M©ii^ 
©■f - iifflE^5:^$cfc < tf ^ fcii?)(c,-t^i U r fe(T 
©J:5(c-ri.«*5-igB^B^^g©S{^SCc*/ct) 1 a 
-J \ cr<!:©#*^-iKB^^^gg■CBjga^^^■*J^ 1 0© 

2 5 7!)S2 7OfBtSr--5f<!:0r^«)»i©Rfli,Gffl, 
Bffl;y>-77^-5??:f|l{|L/,cne.S7'-i??:, 1 ay h 50 
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cti©— o©*^-?gH^^gg©^*'>vy-t'; 2 5 7!) 

M2 7(cSl^ji^-cia1t3■^^5= 
[0 05 6] ^(!:>'\k-.'m.t>=>-m.¥nWmm.^{'mi 
^^■■c■^B^B>'^•^ ;u©»S©« e.o^ ©Wif^rmis^c i: o w 

S-r'5<.C©*lJS-C^«Fi$n.2.i«^iC«, \VL"j hc}i© 
^0©*^-?^H^H«^«g©§:y>-7y* >; 2 57^M2 

7 (c «>±aiiiii«©aJi7'- f ^»a?iz.to(f j;t,^„ 

[0 0 5 7 ] -*,±ia«Sr^^i 3♦^s^«^(c^i,ll 

8 (cr^f J; ^ iS«fiS©*> i tc^K^^M* ^ -?Sh^h«^ 

s^g©?SH^>''!^-'i' 1 0 (Dn^m%^''X(fi^ -5 fc b-ctf 

[0 05 8] S-r,-;X7cffl'('^-t^X + + :f-S*?SS 

>'^•^,;n 0 ©^:^ffi±tcr^$m®©fi^:&[S] (jift^J 

g|8(cr0S^±T73lfiI) tC^li)pJSIic<t-^^®©S^* 
[6i{cWi)SSJ:^>iciBg-r.2>,^E-ur,^8©f-;^ HI 
^*[eIK:cj;0Pig«7-;^ Ht^ (09 #M) «rRH 

hfi^ft|518S(cJ:f)Sit|5l)«fi-^S 

[0 05 9] ^(^r,Ei 0©?|iJ^fiS 1 K:tel,>T,« 
H^-'>-4^;U 1 O©0^n±WK{4g-r5fi-^mS3!i^6TiiJ© 

3^©»S>Sr -r ^ -i>:=^ + 1 :^ S J: 0 jfflJS-r * oOC^r , 
C©J: ^ tcaiJSt/cSRili^OiWS?:,S'JSXfiS 2 
(0IO#fiB) fc-r,A-D^S (08#BS) {cJcO 

r-:^5';i'^^b-rRffl«iJS»)g^*>; (hsms) kie 
ti-r * . te, c © R mm%m^ ^ * Kistg u /c^ r a 

3g©»giA;'3<i^U-i;l/i©K^BSl 1 (a) tcr 
iK-rj;^K!&-l)„^cte,Sl 1 (a) tctt?-^ 1 , 2 ,• ••, 
naRil*©#-^?:5^-r« 

[0 06 0] oii-cfflsifis 3Ktet^r,Ma7'-^' 

HISS (0 8 #M) J: 0 , n <1© RH^©»a©¥J^<B 
?rA;^fi#©§U'<^i'»fc*e*,^Ril«©iWa[{coi^ 
r ©jpjsjsg i A^fi# u i ©M R ffl^J^ 

*'>vr-$;S:*&5 (S 1 1 (b) #M) o^Or,^ 

Sifis 4 {c*ji>r ,±ie^!isf'- i'dss-c^)-:) r ,±fe 

>v^iEr-5'?:^«f),Rffl3!/>v-r-5'^t'; (08 
#BS) (CSiJ^gS 5(CfoCirf2tg-r-SoCnccf*t,i.:tf 
>vr-if##iX;t^|pl3g (08#M) tcj:ORffl**>v 
r- 5? > * U ©lEttr - ^±f S^M * 7 -^a^a^^ 
g©Rffl:</>vf'-$^*'; 2 SfClEjitr^^jitfC 

i-cfatf.bii-r„ 

[0 06 1 ] mm.\^x.iM'f7. hft^£|pi?s©-f 
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m^K.nmt ■& so mM(oms.mHt^ b mmo^m^^ 

[006 2 ] -:5i»r.CCDi:^K:f)Sbit^GlilR©» 

laMr- 5'liSgK:<t "3 , n {acDGiii^(D»S0¥i^fii 
;i'«{C3j<est.,^G@i*©»g^(,H3::^Biim©)S|g(c-:) 

[006 3] -?-LT.±i2MSir-:S![51SS-Cfeo-r.±iB 
Gffl¥i^«'>V7^- ^^^^,H^Bffl^i^:y> V7=- ifCcS 
':5*a:SL CCi^>Pfft5;iGffl*'> vtiiE-r- ^f^l^iiBffl 
*'>v|iEr-5f€*&.Gffl*'>-7r-$>*';^t,i 
«Bffl;y>V7=-3?^*>; (S8#M) (Cietf-rSoC 
*i^cf$c>.±fB*'>v-r- i^S^jA^^HIifStc J; D Gffl** 
>-7r-^?y*>;(DiaS.r"^?gct<H*Bffl;?/>-7r"5( 20 

ffl:^f>-7-r-$^-t >; 2 6^t4SBffl**>v-r-5fy* 
2 7 {c|tejitT»^jityc i-CIBttLil-ro 
[ 0 0 6 4 ] COJ; ^ tc.±IB^m*5"jgBl.«?rgg 
{i,-ecDg*'>V7'-:Sf> t 2 57!(M2 7 ©IBlir- 

tt^j:< ;^j:5o±iB 1 n y KD^fjcD*^-?^^*^^^ 
©^**>vr-a?^tV 2 57!)S27K:tt±iBRffl,G 
ffl,Bffl;y>vffliE7'-f ^^*i^n#t3itJCi-C» 
S©M^^fJ^c)«fB>'^•4^ ;!/ 1 0 ^r^f S * ^ -«b^^^i^S 30 

[ 0 0 6 5 ] ^cte. *ll?g©!ligtc*fc»3 . 

©^B^B«s^att?SB^Bti:Kg^ c iii: < . ^mmm^^B 
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